Background: The Bagmati River is the rain-fed river in the basin of Nepal. The climate change in
INTRODUCTION
Extreme rainfalls and droughts are considered as extreme hydrological events all over the world.
They may have adverse impact on society leading to impact on environment, culture, political and other functions of the region (Deka, Boraj, & Kakty, 2009) . Drought is a silent and pervasive hazard and happens due to the deficit of water availability (Shrestha et al., 2014) . According to Obasi (1994) , approximately 85 percent of natural disasters are all associated with the droughts, which are usually considered as one of the most complicated and least understood natural hazards. Among such hazards, it is experienced that drought starts slowly without warning, for example, it may occur as below-average rainfall within a normal part of rainfall (Sigdel & Ikeda, 2010) or it may gradually turn into hazardous event and last for significantly longer period of time encapsulating large spatial parts (Shrestha et al., 2014) . According to several research articles, happening of such devastating drought events in many parts of world including Asia have faced a significant decline in the agriculture production due to increased frequency and severity of drought (Sigdel & Ikeda, 2010) . Sigdel and Ikeda (2010) had also mentioned about the drought happening events in Nepal with some spatialvariation. Further, Shrestha et al. (2016) has investigated and found that the summer season of 2004, 2005, 2006 and 2009; and also winters of 2006, 2008 and 2009 were the worst widespread droughts in drought risk assessment in central Nepal.
Climate variables like high temperature, high wind and low relative humidity may pose as causative factors of drought in many parts of the world but among them rainfall is considered as the primary climate variable because it may control the formation and persistence of drought condition and hence further aggravate severity of the drought in the region (Sigdel & Ikeda, 2010) . Summer monsoon (80% of total precipitation) and winter are two main seasons associated with major crop productions in Nepal, e.g., rice and wheat. Precipitation is dominant water source for the production
MATERIALS AND METHODS
This section is described in several sub-sections as follows.
Study area
The Bagmati River Basin (Figure 1) (Babel et al., 2013) . . By using weighted arithmetic mean, area weighted monthly rainfall time-series is generated as a single time-series to represent the rainfall pattern in aggregate of the basin. (Sigdel & Ikeda, 2010) . For this study, the approximation provided by Abramowitz and Stegun (1965) was used and given below.
The derived SPI was considered as a normally distributed random variable. It was interpreted as a number of standard deviations that the observed value would deviate from the long-term mean.
For the interpretation of the SPI, McKee et al. (1993) presented the following drought categories from SPI. Table 3 and Table 4 present the results of goodness of fit test using the EasyFit software. to all the periods for the rainfall (Table 3 ). The parameters of GEV distribution were estimated by the L-moments method (Hosking, 1990) using EasyFit. The estimates are presented in Table 4 . Using the GEV probability distribution, the SPIs for 3-, 4-and 12-months were calculated for both periods. The assessment of these SPIs is discussed in the following section. www.tucds.edu.np SPI-3, SPI-4 and SPI-12 for base period and future period (future: Mid-Century Period), respectively. These SPIs were constructed for the drought analysis as they are applicable for agricultural and hydrological aspects (Sigdel et al., 2010) . Further, Sigdel (2010) has stated that the drought evolution over Nepal mainly concerns with the deficit of rainfall in relation to summer monsoon (Southeasterly) and wintertime (Westerly) circulations. Bar diagrams of SPI-3, SPI-4 and SPI-12 were constructed against year for both periods in the same X-Y plane ( (Fig.   2, Fig. 3 & Fig. 4) . When the drought events are observed, severe drought had occurred in 1985 in baseline but it seems that it may not reappear in future. Further, moderate winter drought occurred in 1977 , 1993 , 1998 and 2000 . It is expected to reoccur in 2035 , 2042 , 2048 , 2049 , 2051 and 2053 . In future, it is expected that there will be more frequent drought events compared to the baseline. More drought events seemed likely to happen in future. The scenarios of some hydrologic events behaves like some more wet events in some years and some more dry events some other years in future. However, the wet event may happen little more than the drought event in future. Thus, these altering hydrologic happenings may happen due to the impact of climate change. Hence, the analysis of SPI-4 showed that there may be severe impact in wet events for the monsoon season in future due to climate change despite few drought events. Figure 4 has displayed the bar-diagrams of SPI-12 calculated from 12 month precipitation amount in December in different years for both baseline and future. The patterns of the drought events seemed homogenous in both baseline and future periods. Nevertheless, a number of moderate or more drought events seem less likely than a number of moderate or wet events in future. Following the same criteria applied above (Table 3) Moderate drought events seemed more likely to occur in future than those happened in baseline.
However, the extreme drought occurred in 1993 and severe drought in 1975. It may reappear as
